Acceptance sampling models have been widely applied in companies for evaluation the raw material as well as the final products. Meanwhile, process capability indices (PCIs) have been used in various industrial environments as capability measures that are obtained based on process departure from a target, process yield, process consistency and process loss. In this research, first a repetitive group sampling (RGS) plan based on process capability index is developed for variables inspection. Then the optimal parameters of proposed RGS plan are determined and also a new multiple dependent state (MDS) sampling plan, a double sampling plan (DSP) and a sampling plan for resubmitted lots are developed and finally, a comparison study is carried out between the proposed sampling plans and the results are elaborated.
INTRODUCTION 1
Because of the competition between suppliers and its importance, producing a product with good quality is a basic need of any production process. We can increase product quality and reduce waste using statistical techniques. This action can bring customer satisfaction and reduce costs and finally increase sales in market. To produce a product with high quality, it is needed to control and measure the quality of products at all steps of processes. A set of these measurements is defined as process capability analysis. One application of the process capability analysis is to make decision about the acceptance of a lot received from supplier in any industrial environment. Lot acceptance sampling plans provide a method for evaluating the quality of a received lot based on an inspected sample. These sampling plans are used by suppliers, manufacturers, contractors and service providers in a wide range of industrial environments. These plans are applied as a 1 *Corresponding Author's Email: Fallahnezhad@yazd.ac.ir (M. S. Fallah Nezhad) method of quality assurance that reduce the risk of both producers and consumers.
Among the classical methods of acceptance sampling plan, variable sampling plan is applied for quantitative analysis of quality characteristics. Although the use of variable sampling plans is more difficult compared to attribute sampling plan, but it is less risky and has less sample size.
Variable sampling plans are designed for quality characteristics that follow specified probability distribution function in continues scale. One of assumptions of variable sampling plan is the normality of quality characteristics. Process capability index is a continuous variable with a known probability distribution that is used for analyzing the production process thus it can be used for designing sampling plans.
Variable RGS plan is one of the most important methods of sampling. In this method, a specified sample is taken from the lot and analyzed. In the case of noncompliance with tolerance specifications, another sample is taken from the lot and analyzed. This process is repeated the till lot is rejected or accepted.
Sampling plan has been widely discussed in the previous decades. The basic concepts of variables sampling plans were presented by Jennett and Welch [1] and Moskowitz and Tang [2] . Pearn and Wu [3] designed a variable sampling plan for very low fraction of defectives. Wu [4] proposed a method for estimating process capability under Bayesian approach based on subsamples collected over time from an in-control process. A new system of skip-lot sampling plan defined as SkSP-R was proposed by Balamurali et al. [5] that is efficient to minimize the cost of the lot inspection. A sampling plan based on process capability index was developed by Wu et al. [6] for the situation where resampling is permitted on lots which are not accepted on the main inspection. Suresh and Sangeetha [7] introduced an acceptance sampling plan for construction of Bayesian chain sampling plan (BChSP-1) using quality regions. A double sampling plan (DSP) based on truncated life tests in Rayleigh distribution was proposed by Aslam [8] .
Sherman [9] presented a new acceptance sampling plan for the inspection of attributes quality characteristics known as the repetitive group sampling (RGS) plan. In the past years a repetitive mixed sampling plan based on the process capability index was developed by Aslam et al. [10] . Wu et al. [11] proposed a RGS plan based on variables inspection. Also three types of RGSs using the generalized process capability index of multiple characteristics were investigated by Aslam et al. [12] . In another work, Aslam et al. [13] developed a variable RGS plan by considering process loss. Suresh et al. [14] proposed a Bayesian repetitive deferred sampling plan indexed through relative slopes. A multiple deferred state sampling inspection (MDS sampling plan) was presented by Wortham and Baker [15] . Soundararajan and Vijayaraghavan [16] proposed a method for designing multiple dependent (deferred) state sampling plans. Also Vaerst [17] designed a procedure to construct multiple deferred state sampling plan. Aslam et al. [18] extended the idea of MDS sampling plans based on process capability index when the quality characteristic of the product follows the normal distribution.
In addition, a new acceptance sampling plan for resubmitted lots was investigated by Govindaraju and Ganesalingam [19] . A variable sampling plan for resubmitted lots based on process capability index was developed by Aslam et al. [20] for normally distributed processes. Also Balamurali et al. [21] proposed a variable RGS plan for minimizing ASN. Balamurali and Jun [22] proposed a RGS procedure for variable sampling plans. An optimal double-sampling plan based on process capability index was proposed by Fallah Nezhad and Seifi [23] in order to reduce the average sample number. Balamurali and Subramani [24] proposed the procedures for designing variables RGS plan indexed by indifference quality level and the relative slope on the operating characteristic curve.
In this research, first we propose a variable RGS plan based on process capability index pm C . Then the optimal parameters of developed RGS plan are obtained with considering the constraints related to the risk of consumer and producer. Also we present various variable sampling plans based on process capability index pm C , then a comparison study is done between the developed sampling plans based on ASN criterion and the results are analyzed.
This research is organized as following. In section 2 the exact probability distribution function of process capability index is introduced. In section 3 a brief introduction of RGS, DSP, MDS and sampling plan for resubmitted lots are presented. A simulation study is presented in section 4. Finally, the results of comparison study and conclusions are presented in section 5 and section 6, respectively. The main contributions of this research are as follows: Developing a RGS plan based on exact probability distribution function of pm C . Comparing the performance of different proposed sampling plans.
THE EXACT PROBABILITY DISTRIBUTION FUNCTION OF PROCESS CAPABILITY INDEX
The formula for evaluating process capability index is defined as follows: 
The resultant estimator is obtained as follows:
Since the process measurement arises from a normal distribution, thus the probability 0 Pr( ) pmk C C  is obtained as follows (Chan et al. [25] ):
. Therefore, the statistical properties of process capability index ˆp m C can be analyzed for the general cases and we can use this probability function for evaluating process capability index in sampling plans.
PROPOSED PLANS

1. Proposed Variables RGS Plan
Variables RGS plan is one of the effective sampling plans and the parameters in the proposed sampling plan are as follows: Now we explain procedure of proposed plan with the real example. In many industries, the process capability of systems, materials, and products needs to be compatible with the specified engineering tolerances. In practical case, we consider a company that produce machine tools. This company needs to keep actual production (which includes machine tools) within the desired tolerances. The company engineers define a dimensional tolerance for each portion of tool and estimate process capability index for them. Finally, their decision making about received lot based on the process capability index and RGS procedure will be as follows:
Step 1: Collect a sample with n observation.
Step 2: Accept the lot if The OC function of the RGS plan, which includes the proportion of lots that are expected to be accepted for given product quality, (a) is as follows:
OC function can be rewritten as follows:
Therefore, based on the plan of Balamurali and Jun [22] , and considering the producer risk,  and consumer risk,  , model constraints depending on the different values of AQL C , LTPD C can be defined as follows:
and:
Also in the first constraint, The objective function of model is to minimize the ASN and the number of sampling steps is equal
In the other words, the number of sampling steps can be defined as the mean value of a geometric distribution which its success probability is equal to 1 2 Pr( ) Pr( )
. In each sampling step, the sample size is equal with n . Then the objective function of problem is obtained as follows:
Therefore, by solving an optimization problem with the mentioned constraints and objective function for specified values of C AQL , C LTPD ,  as well as different values of  and  , we can obtain the optimal values of decision parameters in a RGS plan and the values of 1 2 ,, n k k , can be determined using computer search procedures.
2. Designing a Double Sampling Plan (DSP)
The parameters of DSP have been defined as follows: The procedure of DSP is as follows:
Step 1: Select 1 n observation from the lot and compute
Step 2: Accept the lot if In addition, the constraint of producer risk and consumer risk are as follows:
and: 
Designing Proposed MDS Sampling Plan
MDS sampling plan is an appropriate plan in which sampling results of past or future lots are considered. This plan belongs to the group of conditional sampling procedures. In these plans, acceptance or rejection of a lot is based not only on the single sample from that lot, but also on sample results from past lots (dependent state sampling) or future lots (deferred state sampling). For application of variable MDS plan, the mentioned assumptions should be valid as follows: (i) Submitted lots in the order of production from a process having a constant proportion non-conforming.
(ii) The quality characteristic of interest is under a normal distribution.
(iii) The consumer has confidence to supplier and there is no reason to believe that a particular lot is poorer than the preceding lots. Parameters of MDS sampling plan are defined as follows:
n=sample size m= number of preceding lots The decision making about received lot based on the process capability index and MDS procedure will be as follows:
Step 1: take a sample with n observations and calculate process capability index.
Step 2: if  is accepted, then accept the lot else reject it. The OC function of MDS sampling plan for the specified quality level can be obtained as the follows (Balamurali and Jun [26] ):
is the probability of accepting the lot based on single sample and is defined as follows:
defined as the probability of accepting the lot based on m preceding lots. Now according to OC function of proposed MDS sampling plan and the probability distribution function of pm C , the required sample size, n can be minimize by solving the following model: Table 1 . 
4. Designing Variable Sampling Plan for Resubmitted Lot
The variable sampling plan for resubmitted lots is one of the important sampling plans. Parameters of the proposed sampling plan are as follows: m= number of resubmissions n=sample size a k =the lower threshold of process capability index for accepting the lot based on the sample The decision making about received lot based on the process capability index will be as follows:
Step 1: Take a random sample of size n and calculated ˆp m C .
Step 2: If It is noted that when m =1, then mentioned sampling plan would be similar to a single sampling plan (SSP). So sampling plan for resubmitted lot can be considered as a more general form of SSP.
Sampling plan for resubmitted lots is easy to implement. There are some situations that the producer may discard the results of first sample and take the same number units for inspection and investigation under the provision of contract. For real example, in many countries such as India, the tax is paid based on the assessment of the first sample and if the producer does not agree with first inspection results then the second result is obtained under the same sample size as in the first inspection.
The OC function of the sampling plan for resubmitted lots is defined as follows (Govindaraju and Ganesalingam [19] ):
where pm C is defined as the quality level of submitted lot and a P is defined as the acceptance probability in a single stage that is obtained as the follows:
The ASN of proposed sampling plan for given quality level ( pm C ) is determined as follows (Govindaraju and Ganesalingam [19] ): ( 2) m  for comparison study with other plans. Now, we can design variable RGS plan and then compare variable RGS plan with the proposed DSP, MDS sampling plan and variable sampling plan for resubmitted lot. Now we present methodology to obtain the proposed RGS plan parameters.
In the case of RGS plan with using a grid search, we can determine the minimum ASN plan searching in the multi-dimensional grid formed setting n=3(1)100, k 1 =1.0(0.001)1.5, k 2 =1.5(0.001)2.2. Tables 3 and 4 Now with regards to the target value (T ) and process mean (  ), with assuming T   , we evaluate the process capability index Table 5 .
SIMULATION STUDIES
It is seen that when values of parameter T increase then ASN of RGS plan increases too. In addition, it is seen that decision thresholds of process capability index often increase by increasing the values of parameter T.
COMPARISON STUDY AMONG DEVELOPED SAMPLING PLANS
Simulation results under different values of ,  and specified value of 0.1, 1.8, 1.1
AQL LTPD
C C     for probability distribution function are presented in Table  6 . It is observed that MDS sampling plan has the least values of ASN and is the best method. RGS plan performs better than sampling plan for resubmitted lots and DSP. DSP has the worst performance in comparison with other sampling plans.
CONCLUSION
In this paper, optimization models were developed for designing acceptance sampling plans like RGS, DSP, MDS and sampling plan for resubmitted lots considering consumer risk, producer risk as the constraints and process capability index as the performance measure. The proposed plan was based on exact probability distribution of process capability index. In addition, we presented a procedure to obtain the required sample size, and the thresholds of process capability index to make decision about the lot. It is observed that MDS sampling plan has the least values of ASN and is the best method. RGS plan performs better than sampling plan for resubmitted lots and DSP. DSP has the worst performance in comparison with other sampling plans.
